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1.0  INTRODUCTION 
Lamprey ammocoetes are the only detritivorous fish present in the Lower Willamette 
River (LWR). Four species of lamprey may exist in the LWR, and of these, the Pacific 
lamprey (Lampetra tridentate) was selected as the representative species for detritivorous 
fish (Integral et al. 2004). In the Portland Harbor Remedial Investigation/Feasibility 
Study Programmatic Work Plan (Integral et al. 2004), a tissue-residue approach was 
proposed to assess risks to lamprey ammocoetes. Tissue residues were to be compared to 
toxicity reference values (TRVs) from the scientific literature. The suitability of using 
TRVs for surrogate species to assess risks to lamprey ammocoetes was later questioned 
by the US Environmental Protection Agency (EPA) and its partners during the Round 3 
data gaps analysis, and they requested acute toxicity testing to compare lamprey 
ammocoetes sensitivity against published toxicity data for the most sensitive surrogate 
species (EPA 2006).  

The first phase of the acute toxicity testing was conducted in the fall of 2006; the second 
phase is planned for the spring/summer of 2007. This data report describes the objectives, 
methods, and procedures used during the Phase 1 toxicity testing with lamprey 
ammocoetes (Lampetra sp.) and the results of the testing.  

1.1  OBJECTIVES OF TOXICITY TESTING 
The specific objectives of the Phase 1 lamprey ammocoete collection and testing effort 
were to: 

• Establish proper methods for the collection of lamprey 
ammocoetes, including holding in the field and transport to 
the laboratory 

• Establish proper methods for holding the ammocoetes in the 
laboratory, including feeding and temperature regimens 

• Establish the proper exposure system, including size of 
exposure chambers, rate of flow through, and feeding 
requirements 

• Perform range-finding toxicity tests with the following six 
chemicals: copper, aniline, pentachlorophenol, naphthalene, 
diazinon, and lindane 

As stated in the objectives, the primary goal of the Phase 1 sampling and testing effort 
was to ensure that ammocoetes could be collected and transported to the laboratory in 
good condition and that the ammocoetes could be successfully maintained and tested 
under laboratory conditions. A proper exposure system was developed for the static 
renewal testing; the development of the flow-through system was proposed for the Phase 
2 testing. Range-finding tests were conducted with copper, aniline, pentachlorophenol, 
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diazinon, and lindane. Because of the high volatility of naphthalene, the range-finding 
test with naphthalene was delayed until Phase 2 when it will be conducted as a flow-
through test.  

1.2  REPORT ORGANIZATION 
The remaining sections of this document describe the field sampling procedures, 
laboratory holding methods, and toxicity tests of the lamprey ammocoetes. Section 2.0 
presents the sampling procedures, and Section 3.0 describes laboratory methods. The 
toxicity test and temperature test results are presented in Section 4.0; cited references are 
listed in Section 5.0. Supporting information, including field collection logbooks and 
chain-of-custody forms are provided in Appendix A. The toxicity testing report from 
Northwestern Aquatic Sciences (NAS), including all raw laboratory data, is presented in 
Appendix B. The validation report for the toxicity testing is presented in Appendix C, 
and the validation report for the water chemistry is presented in Appendix D. Photo 
documentation of the field collection, holding facility, and toxicity testing is presented in 
Appendix E. 
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2.0  FIELD METHODS 
This section described the methods used to collected lamprey ammocoetes in the field, 
including water quality parameters measured in the Siletz River.  

2.1  AMMOCOETE COLLECTION 
Lamprey ammocoetes were collected from the main stem of the Siletz River near the 
Cedar Creek confluence near Newport, Oregon, on October 17 and 18 and October 23 
and 24, 2006 (Figure 2-1). The sampling location was selected upon consultation with 
Stan Van de Wetering of the Siletz Tribe and was reached on foot. The permitted 
maximum number of 800 lamprey ammocoetes was collected from an area covering 
approximately 125 ft2. The water temperature was measured daily before the sampling 
effort was initiated. The substrate was mostly medium to fine sands with a silty surface 
layer and some leaf litter. The sampling water depths ranged from 4 to 6 in. up to 
approximately 2 ft. The sampling dates, daily estimated catch of ammocoetes, and water 
quality parameters are presented in Table 2-1. 

Table 2-1.  Lamprey ammocoetes collection information 

Collection 
Date 

Estimated 
No. of 

Ammocoetes 

Field 
Temperature  

(° C) 

Laboratory 
Temperature 

(° C)a 

Hardness 
(mg/L as 
CaCO3) 

Alkalinity 
(mg/L as 
CaCO3) 

pH 
(unitless) 

Dissolved 
Oxygen 
(mg/L) 

Conductivity 
(µmhos/cm) 

10/17/2006 58 12.9 13.6 26 20 5.3 8.2 62 

10/18/2006 250 12.6 12.4 26 20 6.0 9.6 95 

10/23/2006 200 12.1 11.5 26 20 6.8 8.4 75 

10/24/2006 300 11.8 10.6 51 90 6.0 8.8 150 

a Measured in the coolers at delivery.  
CaCO3 – calcium carbonate 

A Smith-Root, Inc., LR-24 dual-train backpack electroshocker was used during the 
collection. An initial setting of 3 pulses per second (pps) and 25% duty cycle was 
selected to withdraw the ammocoetes from the sediment, and a second setting of 30 pps 
and 25% duty cycle was applied to stun and capture the ammocoetes. Captured 
ammocoetes were placed in a pre-cleaned cooler partially filled with site water and 
approximately 6 in. of site sediment. Fifty ammocoetes were placed in each cooler. 
Frozen gel packs were affixed to the inside lids of the coolers to keep the water 
temperature cool during holding and transport to the laboratory. At the end of the 
sampling day, the coolers were then filled with additional site water before being 
transported to NAS in Newport, Oregon. Photos of the sampling effort are presented in 
Appendix E. 
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2.2  DEVIATIONS FROM THE FSP 
The collection of lamprey ammocoetes in the field was performed with no deviations 
from the FSP. 
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3.0  LABORATORY METHODS 
This section describes the methods used to hold the lamprey ammocoetes in the 
laboratory, the toxicity and temperature testing methods, the analytical methods of the 
confirmatory water samples, and deviations from the FSP and quality assurance plan 
(QAPP).  

3.1  LAMPREY AMMOCOETE HOLDING 
Upon receipt of the ammocoetes at the laboratory, the water temperature was measured in 
the coolers, and the ammocoetes were transferred into 10-gal. tanks with approximately 
50 organisms per tank. The tanks contained approximately 2 to 3 in. of sediment and 26 
L of water that was aerated. The water was supplied using a flow-through system at a rate 
of approximately 35 mL/minute (approximately two volume changes per day). In 
addition, two-thirds of the water volume in each tank were replaced daily. The tanks were 
held at a temperature of 12.3º ± 0.5º C and ambient laboratory lightning (50 to 73 foot-
candles) at a daily photoperiod of 16 hours of light and 8 hours of darkness.  

Upon receipt of all ammocoetes, a representative subsample of six ammocoetes was 
selected, and the six ammocoetes were weighed and measured for length. They ranged 
from 28 to 84 mm in length and from 0.04 to 0.78 g in weight. The ammocoetes were 
acclimated in the laboratory for 2 to 3 weeks before testing was initiated. Normal 
behavior for lamprey ammocoetes is to immediately burrow in sediment and remain 
there. If any individuals are observed swimming around and not burrowing, it is an 
indication that the ammocoetes are under some sort of stress. A total of six lamprey were 
found dead on the sediment surface within the first few days after laboratory receipt of 
the animals, probably from being damaged during field sampling. Four lamprey from the 
10/18/06 batch died, and two lamprey from the 10/24/06 batch died. None of these 
animals were able to burrow in the sediment. All other lamprey ammocoetes burrowed in 
the sediment and were not observed swimming in the water column. Lamprey 
ammocoetes were not fed during the first month of holding on the recommendation of 
William Swink, MS, a research fishery biologist with the US Geological Survey (USGS) 
at the Hammond Bay Biological Station.1 Table 3-1 summarizes the water quality 
conditions in the tanks during the first 4 weeks of holding. Additional details on the 
ammocoete holding conditions are presented in Appendix B. 

                                                 
 
1 Mr. Swink has more than 15 years of experience working with sea lamprey, including culture of larval lampreys; 
effects of density on growth of larvae; and survival, growth, and feeding of newly metamorphosed lampreys. 
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Table 3-1.  Water quality conditions during holding 
Parameter Unit Mean ± SD 

Temperature º C 12.3 ± 0.5 
Dissolved oxygen mg/L 10.9 ± 0.6 
pH unitless 7.6 ± 0.4 
Conductivity  µmhos/cm 129 ± 5 
Hardness mg/L as CaCO3 48 ± 4 
Alkalinity mg/L as CaCO3 44 ± 9 

CaCO3 – calcium carbonate 
SD – standard deviation 

After completion of the last range-finding test, the remaining lamprey ammocoetes were 
fed 50 mL of yeast slurry (2 g yeast in 400 mL water). The flow was turned off prior to 
feeding and resumed after 24 hours. After feeding, the ammocoetes were separated into 
two different temperature-controlled rooms (12º and 17º C). The ammocoetes that were 
placed in the 17º C room were acclimated for 10 days before the temperature test was 
initiated. Table 3-2 summarizes the water quality conditions in the tanks during the 10 
days of holding. After initiation of the first temperature test, the temperature in the room 
that was held at 17º C was raised to 22º C. The ammocoetes were acclimated for 7 days 
to the 22º C before the second temperature test was initiated. Table 3-3 summarizes the 
water quality conditions in the tanks during the 7 days of holding. All remaining lamprey 
ammocoetes were destroyed after successful completion of the second temperature test. 

Table 3-2.  Water quality conditions during the 12º C versus 17º C holding  
Parameter Unit 12º C Mean ± SD 17º C Mean ± SD 

Temperature º C 11.7 ± 0.2 15.3 ± 1.8a 
Dissolved oxygen mg/L 11.3 ± 0.2 10.0 ± 0.7 
pH unitless 7.5 ± 0.1 7.5 ± 0.2 
Conductivity µmhos/cm 136 ± 9 138 ± 6 
Hardness mg/L as CaCO3 57 ± 5 58 ± 4 
Alkalinity mg/L as CaCO3 44 ± 7 44 ± 5 

a The mean temperature includes all measurements from the initiation of the temperature increase in the 
holding tank until the test initiation. 

CaCO3 – calcium carbonate 
SD – standard deviation 
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Table 3-3.  Water quality conditions during the 12ºC versus 22ºC holding  
Parameter Unit 12º C Mean ± SD 22º C Mean ± SD 

Temperature º C 11.6 ± 0.4 19.7 ± 1.8a 
Dissolved oxygen mg/L 10.9 ± 0.3 8.8 ± 0.1 
pH unitless 7.2 ± 0.2 7.3 ± 0.1 
Conductivity µmhos/cm 134 ± 9 153 ± 9 
Hardness mg/L as CaCO3 55 ± 5 51 ± 0 
Alkalinity mg/L as CaCO3 39 ± 4 39 ± 8 

a The mean temperature includes all measurements from the initiation of the temperature increase in the 
holding tank until the test initiation. 

CaCO3 – calcium carbonate 
SD – standard deviation  

3.2  LAMPREY AMMOCOETE TESTING 
Phase 1 toxicity testing consisted of range-finding tests with five of the six chemicals 
(i.e., copper, aniline, pentachlorophenol, diazinon, and lindane). Static renewal testing 
with naphthalene was explored. However, because of the volatility of this chemical, it 
was decided, in cooperation with EPA and its partners, to postpone testing with 
naphthalene until the flow-through testing effort in Phase 2. The range-finding tests were 
96-hour static renewal tests (water-only tests). The tests were conducted with a control 
and four widely spaced concentrations in a logarithmic series. The tests included one 
replicate that contained five ammocoetes for each concentration and the control. The 
loading rate ranged from 0.38 to 1.05 g of organism/L. The tests were conducted in soft 
water (45 ± 9 mg/L as CaCO3), at a temperature of 12º ± 1.0º C, and with a light cycle of 
16 hours of light and 8 hours of darkness at a light intensity ranging from 50 to 73 foot-
candles. The ammocoetes were not fed during the range-finding tests. At 48 hours into 
the test, approximately 80% of the water was renewed. The numbers of live and dead 
ammocoetes were counted daily and at test termination in the control and the four test 
concentrations. At test termination, the lengths and weights of all control ammocoetes 
were measured. The average length was 67 ± 11 mm, and the average weight 0.45 ± 
0.20 g. 

The concentrations of the five chemicals (i.e., copper, pentachlorophenol, lindane, 
diazinon, and aniline) used in the range-finding tests were selected by NAS based on 
LC50s (concentrations that are lethal to 50% of an exposed population) for other fish 
presented in literature, the results of the small, preliminary range-finding tests conducted 
prior to the range-finding tests, and best professional judgment. The small, preliminary 
range-finding tests consisted of 96-hour exposures of a single lamprey ammocoete in one 
replicate to a wide range of concentrations for each chemical. The number of 
concentrations ranged from three and a control for naphthalene to six and a control for 
copper. Thus, for example, the preliminary range-finding test for copper was conducted 
on seven ammocoetes in seven replicates, each exposed to a different concentration. 
Based on the preliminary range-finding test with naphthalene and additional chemistry 
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work (getting the naphthalene into solution and keeping it in solution), testing with 
naphthalene was delayed until Phase 2.  

The nominal concentrations prepared for each chemical by the toxicity testing laboratory 
and used in the range-finding tests were confirmed through chemical analyses. Water 
samples were collected from the control and each test concentration at test initiation, 
48-hour renewal (new and old solutions), and test termination. Additional information on 
chemical purity and the preparation of stock solutions is presented in Appendix B. 

After completion of the range-finding tests, additional testing, as requested by EPA and 
its partners, was performed to evaluate the effects of temperature on lamprey 
ammocoetes. Two temperature tests were performed: one comparing survival in 12°C 
water with survival in 17°C water, and another comparing survival in 12°C water with 
survival in 22°C water. These tests were performed in four replicates with five organisms 
per replicate.  

Because there is no standard protocol for acute toxicity testing with lamprey 
ammocoetes, the test procedures were based on the methods for measuring acute toxicity 
with other fish species as described in EPA (2002) and American Society for Testing and 
Materials (ASTM) (1996) guidance. The test conditions and test acceptability criterion 
are summarized in Table 3-4. 

Table 3-4.  Summary of test conditions for the 96-hour acute range-finding toxicity 
tests and temperature tests with lamprey ammocoetes (Lampetra sp.) 

Parameter Condition or Regimen 
Test type static renewal  
Test duration 96 hours 
Temperature 12° ± 1° C; 17° ± 1° C; and 22° ± 1° C 
Light quality ambient laboratory 
Illuminance 49.5 to 73.0 foot-candles 
Photoperiod 16 light:8 dark 
Test chamber size 9.5-L glass aquaria covered with Plexiglas plates  
Solution volume 2.8 L per aquarium 
Renewal of test solution once at 48 hours  
Test organisms lamprey ammocoetes  
Number of test treatments 4 test treatments for the range-finding tests  
Number of replicates per 
treatment 

1 replicate for the range-finding tests; 4 replicates for the temperature 
tests  

Organisms per replicate 5 organisms per replicate (loading rate between 0.38 and 1.05 g/L)  
Number of organisms per 
exposure concentration 

5 organisms per exposure concentration in range-finding tests; 
20 organisms per exposure temperature in temperature tests 

Test chamber cleaning none 
Feeding  none 
Aeration gentle aeration not exceeding 100 bubbles/min.  
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Table 3-4.  Summary of test conditions for the 96-hour acute range-finding toxicity 
tests and temperature tests with lamprey ammocoetes (Lampetra sp.) 

Parameter Condition or Regimen 
Dilution water de-chlorinated municipal tap water with a hardness of 45 ± 9 mg/L 

spiked with the selected chemicals 
Test concentrations 4 test concentrations and a control  
Endpoint survival 
Test acceptability criterion ≥ 90% survival in the control  

 

3.3  WATER ANALYTICAL METHODS 
The nominal test solution concentrations used in each 96-hour range-finding test were 
confirmed by Columbia Analytical Services, Inc. (CAS), of Kelso, Washington. Test 
solution samples were collected during test initiation, 48-hour renewal (new and old 
solutions), and test termination and shipped to CAS. Samples were analyzed according to 
the methods presented in Table 3-5.  

Table 3-5.  Laboratory Methods for the Analysis of Toxicity 
Test Solution Samples 

Laboratory Method 

Chemical 
Sample 

Preparation Quantitative Analysis 
Copper EPA 3005/CLP EPA 200.8 
Lindane EPA 3535 EPA 8081A 
Diazinon EPA 3520C EPA 8141A 
Aniline EPA 3520C EPA 8270C 
Pentachlorophenol EPA 8151M EPA 8151M 

EPA – US Environmental Protection Agency 

Data validation was completed by EcoChem in Seattle, Washington. Data quality is 
acceptable and meets the objectives of the lamprey toxicity study. EcoChem’s data 
validation report is provided in Appendix D. 

3.4  DEVIATIONS FROM THE FSP AND QAPP 
Lamprey ammocoetes were not fed during the first month of holding on the 
recommendation of William Swink, MS, a research fishery biologist with the USGS at 
the Hammond Bay Biological Station. After chemical testing was completed, holding 
was extended beyond the initial planned duration, so the remaining lamprey ammocoetes 
were fed a yeast slurry based on the methods used by USGS at the Hammond Bay 
Biological Station. 
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Dilution water hardness was 51 mg/L as CaCO3 in all batches of test water used. This is 
slightly above the water hardness listed in the QAPP (< 50 mg/L). Collection site water 
hardness ranged from 20 to 51 mg/L. 

The loading rate of 1.1 g/L recommended in the EPA protocol (EPA 2002) and cited in 
the QAPP was not exceeded. However, in the conditional approval letter received on 
October 31, 2006, EPA recommended using the ASTM loading rate of 0.8 g of 
organism/L. This lower loading rate was exceeded in the range-finding tests with aniline 
(0.96 g/L), diazinon (0.93 g/L), 12ºC versus 17ºC (0.98 and 1.05 g/L, respectively), and 
in 12ºC of the 12ºC versus 22ºC (0.86 g/L). 

Chemical analyses of the test solution samples were completed as described in the QAPP, 
with one exception. Analyses for pentachlorophenol were completed using EPA method 
8151M rather than method 8270C, which was stated in the QAPP. Method 8151M 
provides a lower detection limit at a lower cost than method 8270C and had been used for 
the analysis of pentachlorophenol in sediment samples. The use of method 8151M did 
not affect data quality and improved method sensitivity. There were no other deviations 
from the QAPP during the analysis and validation of Phase 1 test solution samples. 

Additional water samples at a frequency of 5% of the samples were not collected for 
chemistry laboratory QC.  
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4.0  TESTING RESULTS 
The test results for the five range-finding tests are presented in Section 4.1, and the test 
results from the temperature tests are presented in Section 4.2. 

4.1  RANGE-FINDING TESTS 
This section presents the test results and water quality conditions documented during the 
range-finding test with the five chemicals. Temperature, dissolved oxygen, and pH were 
measured daily in all concentrations. Conductivity, hardness, and alkalinity were 
measured daily in the control and highest concentration. 

4.1.1  Copper 
The 96-hour range-finding test with copper was initiated November 9, 2006, and 
terminated November 13, 2006. The daily survival rates documented throughout the test 
and the nominal and mean measured chemical concentrations are presented in Table 4-1. 
The test met the acceptability criterion of ≥ 90 percent survival in the control. The 
concentrations of copper measured throughout the test are presented in Table 4-2; water 
quality conditions are summarized in Table 4-3.  

Table 4-1.  Daily survival of ammocoetes and chemical concentrations of copper 
Concentration (µg/L) Number of Surviving Ammocoetes 

Nominal 
Measured 

Mean ± SD 0 hour 24 hours 48 hours 72 hours 96 hours 
Percent 
Survival 

0 (control) 6.88 ± 1.69 5 5 5 5 5 100 
1 7.48 ± 1.73 5 5 5 5 5 100 
10 14.6 ± 3.42 5 5 5 5 5 100 
100 84.9 ± 6.83 5 5 5 5 2 40 
1,000 1,020 ± 59 5 0 0 0 0 0 

SD = standard deviation 
 

Table 4-2.  Copper concentrations throughout the range-finding test 
Measured Concentration 

(µg/L) Nominal 
Concentration 

(µg/L) 0 hour 
48 hours –  

Old Solution 
48 hours –  

New Solution 96 hours 
0 (control) 8.49 8.17 5.20 5.64 
1 9.81 7.62 6.71 5.76 
10 19.1 11.7 15.4 12.2 
100 93.9 80.0 90.6 80.0a 
1,000 1,070a 927 1,050 999 
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a Average including a duplicate. 
Table 4-3.  Water quality conditions during range-finding test with copper 

Parameter Unit Mean ± SD 
Temperature º C 12.3 ± 0.2 
Dissolved oxygen mg/L 10.5 ± 0.2 
pH unitless 7.3 ± 0.2 
Conductivity µmhos/cm 113 ± 4 
Hardness mg/L as CaCO3 51 ± 0 
Alkalinity mg/L as CaCO3 40 ± 0 

CaCO3 – calcium carbonate 
SD – standard deviation 

4.1.2  Aniline 
The 96-hour range-finding test with aniline was initiated November 9, 2006, and 
terminated November 13, 2006. The daily survival rate documented throughout the test 
and the nominal and mean measured chemical concentrations are presented in Table 4-4. 
The test met the acceptability criterion of ≥ 90 percent survival in the control. The 
concentrations of aniline measured throughout the test are presented in Table 4-5; water 
quality conditions are summarized in Table 4-6.  

Table 4-4.  Daily survival of ammocoetes and chemical concentrations of aniline 
Concentration (mg/L) Number of Surviving Ammocoetes 

Nominal 
Measured  

Mean ± SD 
0  

Hour 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 
Percent 
Survival 

0 (control) 0.017 ± 0.019 5 5 5 5 5 100 
1.0 0.795 ± 0.128 5 5 5 5 5 100 
10 8.23 ± 0.150 5 5 5 5 5 100 
100 91.3 ± 16.5 5 5 5 5 5 100 
1,000 1,087 ± 103 5 5 2 2 0 0 

SD – standard deviation 
 

Table 4-5.  Aniline concentrations throughout the range-finding test 
Measured Concentration 

(mg/L) Nominal 
Concentration 

(mg/L) 
0  

Hour 
48 Hours –  

Old Solution 
48 Hours –  

New Solution 
96  

Hours 
0 (control) 0.002 J 0.044 5.8 J 15 J 
1.0 0.61 0.81 0.89 0.87 
10 8.3 8.3 8.3 8.0 
100 100 75 110 80 
1,000 1,100 950 1,200 1,100 

J – estimated value 
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Table 4-6.  Water quality conditions during range-finding test with aniline 

Parameter Unit Mean ± SD 
Temperature ºC 12.6 ± 0.2 
Dissolved oxygen mg/L 10.3 ± 0.2 
pH unitless 7.4 ± 0.1 
Conductivity µmhos/cm 120 ± 5 
Hardness mg/L as CaCO3 51 ± 0 
Alkalinity mg/L as CaCO3 40 ± 0 and 447 ± 12a 
a Alkalinity was 40 mg/L in the control and 447 mg/L in the highest concentration.  
CaCO3 – calcium carbonate 
SD – standard deviation 

4.1.3  Pentachlorophenol 
The 96-hour range-finding test with pentachlorophenol was initiated November 9, 2006, 
and terminated November 13, 2006. The daily survival rate documentd throughout the 
test and the nominal and mean measured chemical concentrations are presented in 
Table 4-7. The test met the acceptability criterion of ≥ 90 percent survival in the control. 
The concentrations of pentachlorophenol measured throughout the test are presented in 
Table 4-8; water quality conditions are summarized in Table 4-9. 

Table 4-7.  Daily survival of ammocoetes and chemical concentrations of 
pentachlorophenol 

Concentration (µg/L) Number of Surviving Ammocoetes 

Nominal 
Measured 

Mean ± SD 
0  

Hour 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 
Percent 
Survival 

0 (control) 0.13 ± 0.00 5 5 5 5 5 100 
4 2.3 ± 0.57 5 5 5 5 5 100 
40 18 ± 0.50 5 5 5 5 5 100 
400 210 ± 0.41 5 0 0 0 0 0 
4,000 2,075 ± 320 5 0 0 0 0 0 

SD – standard deviation 
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Table 4-8.  Pentachlorophenol concentrations throughout the range-finding test 
Measured Concentration 

(µg/L) Nominal 
Concentration 

(µg/L) 0 Hour 
48 Hours –  

Old Solution 
48 Hours –  

New Solution 96 Hours 
0 (control) 0.13 U 0.13 U 0.13 U 0.13 U 
4 3 1.6 2.3 2.2 
40 19 18 18 18 
400 240 230 220 150 
4,000 2,400 2,300 1,800 1,800 

U – not detected 
Table 4-9.  Water quality conditions during range-finding test with 
pentachlorophenol 

Parameter Unit Mean ± SD 
Temperature ºC 12.3 ± 0.2 
Dissolved oxygen mg/L 10.4 ± 0.1 
pH unitless 7.3 ± 0.2 
Conductivity µmhos/cm 117 ± 5 
Hardness mg/L as CaCO3 51 ± 0 
Alkalinity mg/L as CaCO3 40 ± 0 

CaCO3 – calcium carbonate 
SD – standard deviation 

4.1.4  Lindane 
The 96-hour range-finding test with lindane was initiated November 9, 2006, and 
terminated November 13, 2006. The daily survival rate documented throughout the test 
and the nominal and mean measured chemical concentrations are presented in Table 4-
10. The test met the acceptability criterion of ≥ 90 percent survival in the control. The 
concentrations of lindane measured throughout the test are presented in Table 4-11; water 
quality conditions are summarized in Table 4-12.   

Table 4-10.  Daily survival of ammocoetes and chemical concentrations of lindane 
Concentration (µg/L) Number of Surviving Ammocoetes 

Nominal 
Measured Mean 

± SD 
0  

Hour 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 
Percent 
Survival 

0 (control) 0.74 ± 0.51 5 5 5 5 5 100 
8 4.6 ± 1.5  5 5 5 5 5 100 
80 36 ± 16 5 5 5 5 5 100 
800 345 ± 189 5 5 5 5 5 100 
8,000 3,215 ± 2,002 5 0 0 0 0 0 

SD – standard deviation 
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Table 4-11.  Chemical concentrations of lindane throughout the range-finding test 
Measured Concentration 

(µg/L) Nominal 
Concentration 

(µg/L) 0 Hour 
48 Hours –  

Old Solution 
48 Hours –  

New Solution 96 Hours 
0 (control) 1.3 0.81 0.053 0.78 J 
8 5.3 2.8 6.1 4.0 
80 47 17 50 28 
800 430 220 570 160 
8,000 4,400 260 4,500 3,700 

J – estimated value 
 

Table 4-12.  Water quality conditions during range-finding test with lindane 
Parameter Unit Mean ± SD 

Temperature ºC 12.3 ± 0.2 
Dissolved oxygen mg/L 10.3 ± 0.2 
pH unitless 7.4 ± 0.1 
Conductivity µmhos/cm 117 ± 3 
Hardness mg/L as CaCO3 51 ± 0 
Alkalinity mg/L as CaCO3 40 ± 0 

CaCO3 – calcium carbonate 
SD – standard deviation 

4.1.5  Diazinon 
The 96-hour range-finding test with diazinon was initiated November 16, 2006, and 
terminated November 20, 2006. The daily survival rate documented throughout the test 
and the nominal and mean measured chemical concentrations are presented in Table 4-
13. The test met the acceptability criterion of ≥ 90 percent survival in the control. The 
concentrations of diazinon measured throughout the test are presented in Table 4-14; 
water quality conditions are summarized in Table 4-15.  

Table 4-13.  Daily survival of ammocoetes and chemical concentrations of diazinon 
Concentration (µg/L) Number of Surviving Ammocoetes 

Nominal 
Measured  

Mean ± SD 
0  

Hour 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 
Percent 
Survival 

0 (control) 2.5 ± 1.7 5 5 5 5 5 100 
40 23 ± 16 5 5 5 5 5 100 
400 190 ± 70 5 5 5 5 5 100 
4,000 1,518 ± 825 5 5 5 5 5 100 
40,000 13,175 ± 5,960 5 5 0 0 0 0 

SD – standard deviation 
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Table 4-14.  Chemical concentrations of diazinon throughout the range-finding test 
Measured Concentration 

(µg/L) Nominal 
Concentration 

(µg/L) 0 Hour 
48 Hours –  

Old Solution 
48 Hours –  

New Solution 96 Hours 
0 (control) 4.5 2.6 0.31 2.6 
40 29 6.2 41 14 
400 190 100 270 200 
4,000 1,800 570 2,500 1,200 
40,000 16,000 6,700 20,000 10,000 

 
 

Table 4-15.  Water quality conditions during range-finding test with diazinon 
Parameter Unit Mean ± SD 

Temperature ºC 11.9 ± 0. 1 
Dissolved oxygen mg/L 10.5 ± 0.1 
pH unitless 7.2 ± 0.1 
Conductivity µmhos/cm 119 ± 4 
Hardness mg/L as CaCO3 51 ± 0 
Alkalinity mg/L as CaCO3 32 ± 4 

CaCO3 – calcium carbonate 
SD – standard deviation 

4.2  TEMPERATURE TESTS 
This section presents the test results and water quality conditions taken during the two 
temperature tests. Temperature, dissolved oxygen, and pH were measured daily in all 
concentrations. Conductivity, hardness, and alkalinity were measured daily in the control 
and highest concentration. 

4.2.1  Temperature 12ºC versus 17ºC 
The 96-hour temperature test was initiated December 1, 2006, and terminated 
December 5, 2006. The daily survival rate documented throughout the test is presented in 
Table 4-16. The test met the acceptability criterion of ≥ 90 percent survival in the control. 
The water quality conditions are summarized in Table 4-17.  
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Table 4-16.  Daily survival of ammocoetes at 12º and 17º C 
Number of Surviving Ammocoetes Percent Survival 

Temperatur
e (º C) Replicate 

0  
Hour 

24 
Hours 

48 
Hours 

72 
Hours 

96 
Hours Replicate Mean 

1 5 5 5 5 5 100 
2 5 5 5 5 5 100 
3 5 5 5 5 5 100 

12º (control) 

4 5 5 5 5 5 100 

100 

1 5 5 5 5 5 100 
2 5 5 5 5 5 100 
3 5 5 5 5 5 100 

17º 

4 5 5 5 5 5 100 

100 

 
 

Table 4-17.  Water quality conditions during the 12º versus 17º C temperature test  
Parameter Unit 12ºC Mean ± SD 17ºC Mean ± SD 

Temperature ºC 12.3 ± 0.2 16.9 ± 0.4 
Dissolved oxygen mg/L 10.7 ± 0.4 9.1 ± 0.3 
pH unitless 7.2 ± 0.3 7.1 ± 0.2 
Conductivity µmhos/cm 123 ± 4 134 ± 7 
Hardness mg/L as CaCO3 51 ± 0 51 ± 0 
Alkalinity mg/L as CaCO3 30 ± 0 30 ± 0 

CaCO3 – calcium carbonate 
SD – standard deviation 

4.2.2  Temperature 12ºC versus 22ºC 
The 96-hour temperature test was initiated December 8, 2006, and terminated 
December 12, 2006. The daily survival rate documented throughout the test is presented 
in Table 4-18. The test met the acceptability criterion of ≥ 90 percent survival in the 
control. The water quality conditions are summarized in Table 4-19.  

Table 4-18.  Daily survival of ammocoetes at 12º and 22º C 
Number of Surviving Ammocoetes Percent Survival 

Temperatur
e (ºC) Replicate 

0  
Hour 

24 
Hours 

48 
Hours 

72 
Hours 

96 
Hours Replicate Mean 

1 5 5 5 5 5 100 
2 5 5 5 5 5 100 
3 5 5 5 5 5 100 

12º (control) 

4 5 5 5 5 5 100 

100 
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Table 4-18.  Daily survival of ammocoetes at 12º and 22º C 
Number of Surviving Ammocoetes Percent Survival 

Temperatur
e (ºC) Replicate 

0  
Hour 

24 
Hours 

48 
Hours 

72 
Hours 

96 
Hours Replicate Mean 

1 5 5 5 5 5 100 
2 5 5 5 5 4 80 
3 5 5 5 5 5 100 

22º 

4 5 5 5 5 5 100 

95 

 
 

Table 4-19.  Water quality conditions during the 12º versus 17º C temperature test  
Temperature Test 

Parameter Unit 12º C Mean ± SD 22º C Mean ± SD 
Temperature º C 12.2 ± 0.3 22.3 ± 0.5 
Dissolved oxygen mg/L 10.5 ± 0.4 8.3 ± 0.3 
pH unitless 7.1 ± 0.2 7.2 ± 0.2 
Conductivity µmhos/cm 120 ± 8 146 ± 9 
Hardness mg/L as CaCO3 51 ± 0 51 ± 0 
Alkalinity mg/L as CaCO3 33 ± 6 37 ± 6 

CaCO3 – calcium carbonate 
SD – standard deviation 
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5.0  CONCLUSIONS  
The specific objectives of the Phase 1 lamprey ammocoete collection and testing effort 
stated in Section 1.1 were all met with two exceptions. A range-finding test with 
naphthalene could not be performed using the static renewal method because of the 
volatility of the chemical. Therefore, the range-finding test with naphthalene was delayed 
until Phase 2 testing when it will be performed as a flow-through test. Similarly, the 
development of a proper flow-through exposure system was delayed until Phase 2.  
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P686 Lamprey 2006 holding Water Quality Data 3/26/2007

Date Temp pH DO Cond Hard Alk NH3 comments
Siletz River 10/17/2006 13.6 5.3 8.2 62 26 20 rec'ing data
Water 10/17/2006 26

10/18/2006 12.4 6.0 9.6 95 26 20 rec'ing data
10/23/2006 11.5 6.8 8.4 75 26 20 rec'ing data
10/24/2006 10.6 6.0 8.8 150 51 90 rec'ing data

Siletz River Mean 12.0 6.0 8.8 96 31 38 ---
Water SD 1.3 0.6 0.6 39 11 35 ---

n 4 4 4 4 5 4 ---
Min 10.6 5.3 8.2 62 26 20 ---
Max 13.6 6.8 9.6 150 51 90 ---

Lab Holding

holding for tests 10/18/2006 12.3 7.4 10.7 135 43 50
31-35 10/19/2006 12.5 7.1 10.8 133 51 60

10/20/2006 12.7 7.5 10.6 120 51 30
10/21/2006 12.5 7.5 11.1 130 43 30
10/22/2006 12.2 7.1 10.9 125 51 60
10/23/2006 12.6 6.9 10.8 120 51 30

10/24/2006 12.3 7.4 10.8 130 51 50
10/25/2006 12.4 6.9 10.8 130 43 30 <0.1
10/26/2006 12.6 7.4 10.6 130 43 50 <0.1
10/27/2006 12.4 7.0 11.2 130 43 50 <0.1
10/28/2006 12.4 7.1 10.8 130 43 40 <0.1
10/29/2006 12.9 8.1 10.8 135 51 50 <0.1
10/30/2006 12.7 8.0 10.4 130 43 50 <0.1
10/31/2006 12.8 7.8 10.2 130 43 40 <0.1
11/1/2006 12.6 7.9 10.3 135 43 40 <0.1
11/2/2006 12.1 8.2 10.3 130 51 50 <0.1
11/3/2006 11.8 7.9 10.8 130 51 40 <0.1
11/4/2006 11.2 8.0 11.6 130 51 40 <0.1
11/5/2006 11.6 7.9 11.2 135 51 50 <0.1
11/6/2006 13.2 7.9 13.0 119 51 30 <0.1
11/7/2006 11.9 7.7 11.4 130 51 50 <0.1
11/8/2006 11.5 8.0 11.2 125 51 50 <0.1
11/9/2006 11.8 8.0 11.3 125 51 40 <0.1 tests 31 - 34 began 11/9/06

holding for test 35 11/10/2006 11.7 7.9 11.2 115 43 50 <0.1
continues 11/11/2006 11.2 7.7 11.1 120 51 40 <0.1

11/12/2006 11.3 7.8 11.0 130 51 40 <0.1
11/13/2006 11.4 7.6 11.0 130 51 40 <0.1
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11/14/2006 11.6 7.5 10.9 125 51 40 <0.1
11/15/2006 11.8 7.6 10.9 132 51 40 <0.1
11/16/2006 11.4 7.4 11.4 130 43 50 <0.1 test 35 began 11/16/06

Interim holding 11/17/2006 11.6 7.6 11.3 117 51 40 <0.1
prior to acclimation 11/18/2006 11.8 7.4 11.2 120 51 40 <0.1
for temperature 11/20/2006 11.9 7.3 11.4 110 51 40 <0.1
experiments 11/21/2006 <0.1 flow off; all tanks fed

11/22/2006 11.4 7.2 11.2 125 51 50 <0.1
temperature 11/24/2006 11.6 7.4 11.6 120 51 40 <0.1
acclimation to 12C 11/25/2006 12.0 7.6 11.3 135 60 50 0.1
for test #36 11/26/2006 11.9 7.6 11.2 140 60 50 <0.1

11/27/2006 11.6 7.3 11.2 140 51 30 0.1
11/28/2006 11.6 7.5 11.2 150 60 50 0.4
11/29/2006 11.3 7.4 11.2 140 51 50 0.3
11/30/2006 11.7 7.5 11.0 135 60 40 0.2
12/1/2006 11.8 7.4 11.4 130 60 40 <0.1 test 36 (12C & 17C) began 12/1/06

temperature 12/2/2006 11.9 7.3 11.2 130 51 40 0.3
acclimation to 12C 12/3/2006 11.8 7.0 10.4 145 51 30 0.4
for test #37 12/4/2006 11.4 7.3 10.6 140 60 40 0.2

12/5/2006 11.0 6.9 11.2 140 51 40 0.3
12/6/2006 12.2 7.3 10.7 125 60 40 0.2
12/7/2006 12.0 7.4 10.9 135 60 40 0.2
12/8/2006 12.2 7.4 11.0 120 51 40 0.3 test 37 (12C & 22C) began 12/8/06

temperature 11/24/2006 12.2 7.2 11.4 125 51 40 <0.1
acclimation to 17C 11/25/2006 13.5 7.3 10.7 135 60 50 <0.1
for test #36 11/26/2006 14.6 7.5 10.2 140 60 40 <0.1

11/27/2006 15.5 7.3 9.8 145 60 40 <0.1
11/28/2006 16.8 7.8 9.6 140 60 50 <0.1
11/29/2006 16.8 7.7 9.4 140 51 50 <0.1
11/30/2006 17.0 7.5 9.3 140 60 40 <0.1
12/1/2006 16.3 7.4 9.4 140 60 40 <0.1 test 36 (12C & 17C) began 12/1/06

temperature 12/1/2006 16.9 7.3 8.8 145 51 30
acclimation to 22C 12/2/2006 17.9 7.3 8.9 140 51 30 <0.1
for test #37 12/3/2006 18.5 7.2 8.8 160 51 30 <0.1

12/4/2006 19.3 7.2 9.0 155 51 40 <0.1
12/5/2006 20.4 7.3 8.7 170 51 40 <0.1
12/6/2006 21.6 7.5 8.5 155 51 50 <0.1
12/7/2006 21.1 7.4 8.8 150 51 50 <0.1
12/8/2006 21.9 7.5 8.8 150 51 40 <0.1 test 37 (12C & 22C) began 12/8/06

Temp pH DO Cond Hard Alk NH3
Tests 31 - 34: Mean 12.3 7.6 10.9 129 48 44 ---
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10/18/06-11/9/06 SD 0.5 0.4 0.6 5 4 9 ---
n 23 23 23 23 23 23 16
Min 11.2 6.9 10.2 119 43 30 <0.1
Max 13.2 8.2 13.0 135 51 60 <0.1

Temp pH DO Cond Hard Alk NH3
Test 35: Mean 12.1 7.6 11.0 128 48 44 ---
10/18/06-11/16/06 SD 0.6 0.4 0.5 5 4 9 ---

n 30 30 30 30 30 30 23
Min 11.2 6.9 10.2 115 43 30 <0.1
Max 13.2 8.2 13.0 135 51 60 <0.1

Temp pH DO Cond Hard Alk NH3
Test 36, 12C: Mean 11.7 7.5 11.3 136 57 44 ---
11/24/06-12/1/06 SD 0.2 0.1 0.2 9 5 7 ---

n 8 8 8 8 8 8 8
Min 11.3 7.3 11.0 120 51 30 <0.1
Max 12.0 7.6 11.6 150 60 50 0.4

Test 36, 17C: Mean 15.3 7.5 10.0 138 58 44 ---
11/24/06-12/1/06 SD 1.8 0.2 0.7 6 4 5 ---

n 8 8 8 8 8 8 8
Min 12.2 7.2 9.3 125 51 40 <0.1
Max 17.0 7.8 11.4 145 60 50 <0.1

Temp pH DO Cond Hard Alk NH3
Test 37, 12C: Mean 11.8 7.2 10.9 133.6 55 39 ---
12/2/06-12/8/06 SD 0.4 0.2 0.3 9.0 5 4 ---

n 7 7 7 7 7 7 7
Min 11.0 6.9 10.4 120.0 51 30 0.2
Max 12.2 7.4 11.2 145.0 60 40 0.4

Test 37, 22C: Mean 19.7 7.3 8.8 153 51 39 ---
12/1/06-12/8/06 SD 1.8 0.1 0.1 9 0 8 ---

n 8 8 8 8 8 8 7
Min 16.9 7.2 8.5 140 51 30 <0.1
Max 21.9 7.5 9.0 170 51 50 <0.1
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Aniline Test 686-31
mg/L DAY TEMP pH DO COND HARD ALK
1,000 0 12.8 7.6 10.5 120 51 440
100 0 12.8 7.4 10.4
10 0 12.9 7.4 10.4
1 0 12.8 7.2 10.5
0 0 12.8 7.2 10.4 110 51 40

1,000 1 12.4 7.4 10.3
100 1 12.4 7.4 10.2
10 1 12.3 7.4 10.4
1 1 12.4 7.3 10.3
0 1 12.3 7.2 10.2

1,000 2 12.6 7.5 10.1 125 51 460
100 2 12.5 7.4 10.6
10 2 12.4 7.4 10.6
1 2 12.5 7.3 10.6
0 2 12.4 7.3 10.6 120 51 40

1,000 3 12.8 7.6 10.4
100 3 12.8 7.5 10.2
10 3 12.6 7.4 9.9
1 3 12.8 7.5 10.1
0 3 12.9 7.5 10.2

1,000 4 12.5 7.5 10.2 125 51 440
100 4 12.6 7.3 10.1
10 4 12.3 7.3 10.3
1 4 12.5 7.2 10.2
0 4 12.4 7.2 10.2 120 51 40

Mean 12.6 7.4 10.3 --- --- ---
SD 0.2 0.1 0.2 --- --- ---
n 25 25 25 6 6 6
Min 12.3 7.2 9.9 110 51 40
Max 12.9 7.6 10.6 125 51 460
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Copper Test 686-32
mg/L DAY TEMP pH DO COND HARD ALK
1.0 0 12.2 6.9 10.8 110 51 40
0.1 0 12.1 7.1 10.8
0.01 0 12.2 7.1 10.7
0.001 0 12.1 7.1 10.8

0 0 12.3 7.1 10.6 110 51 40
1 1 12.2 7.2 10.6

0.1 1 12.3 7.2 10.4
0.01 1 12.3 7.2 10.2
0.001 1 12.4 7.2 10.5

0 1 12.6 7.2 10.3
1.0 2 12.2 7.3 10.7 120 51 40
0.1 2 12.3 7.3 10.6
0.01 2 12.3 7.3 10.6
0.001 2 12.3 7.3 10.6

0 2 12.6 7.3 10.4 115 51 40
1.0 3 12.7 7.5 10.4
0.1 3 12.7 7.6 10.3
0.01 3 12.8 7.6 10.5
0.001 3 12.6 7.6 10.4

0 3 12.8 7.6 10.4
1.0 4 12.1 7.3 10.5 115 51 40
0.1 4 12.1 7.3 10.3
0.01 4 12.1 7.2 10.4
0.001 4 12.1 7.2 10.3

0 4 12.1 7.2 10.2 110 51 40
Mean 12.3 7.3 10.5 --- --- ---
SD 0.2 0.2 0.2 --- --- ---
n 25 25 25 6 6 6
Min 12.1 6.9 10.2 110 51 40
Max 12.8 7.6 10.8 120 51 40
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Pentachlorophenol   Test 686-33
mg/L DAY TEMP pH DO COND HARD ALK
4.0 0 12.2 7.2 10.4 115 51 40
0.4 0 12.2 7.1 10.4

0.004 0 12.2 7.1 10.2
0.004 0 12.2 7.1 10.4

0 0 12.3 7.1 10.4 110 51 40
4.0 1 12.2 7.4 10.2
0.4 1 12.2 7.3 10.4

0.004 1 12.2 7.3 10.4
0.004 1 12.2 7.2 10.2

0 1 12.2 7.2 10.3
4.0 2 12.2 7.5 10.5 125 51 40
0.4 2 12.2 7.4 10.5

0.004 2 12.2 7.3 10.4
0.004 2 12.3 7.3 10.6

0 2 12.3 7.3 10.5 120 51 40
4.0 3 12.7 7.6 10.3
0.4 3 12.7 7.6 10.4

0.004 3 12.7 7.6 10.2
0.004 3 12.8 7.6 10.3

0 3 12.8 7.5 10.2
4.0 4 12.1 7.3 10.6 115 51 40
0.4 4 12.1 7.3 10.6

0.004 4 12.1 7.3 10.5
0.004 4 12.1 7.2 10.4

0 4 12.1 7.2 10.4 115 51 40
Mean 12.3 7.3 10.4 --- --- ---
SD 0.2 0.2 0.1 --- --- ---
n 25 25 25 6 6 6
Min 12.1 7.1 10.2 110 51 40
Max 12.8 7.6 10.6 125 51 40
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Lindane   Test 686-34
mg/L DAY TEMP pH DO COND HARD ALK
8.0 0 12.2 7.3 10.4 115 51 40
0.8 0 12.2 7.3 10.2
0.08 0 12.3 7.2 10.2
0.008 0 12.1 7.2 10.4

0 0 12.2 7.2 10.2 115 51 40
8.0 1 12.1 7.5 10.1
0.8 1 12.1 7.4 10.2
0.08 1 12.2 7.3 10.5
0.008 1 12.2 7.3 10.2

0 1 12.1 7.3 10.4
8.0 2 12.2 7.5 10.4 120 51 40
0.8 2 12.2 7.4 10.5
0.08 2 12.2 7.4 10.4
0.008 2 12.1 7.4 10.8

0 2 12.2 7.3 10.6 120 51 40
8.0 3 12.7 7.6 10.4
0.8 3 12.6 7.6 10.2
0.08 3 12.8 7.6 10.3
0.008 3 12.8 7.5 10.3

0 3 12.6 7.5 10.4
8.0 4 12.1 7.4 10.3 115 51 40
0.8 4 12.2 7.3 10.2
0.08 4 12.2 7.3 10.4
0.008 4 12.3 7.3 10.3

0 4 12.1 7.2 10.2 115 51 40
Mean 12.3 7.4 10.3 --- --- ---
SD 0.2 0.1 0.2 --- --- ---
n 25 25 25 6 6 6
Min 12.1 7.2 10.1 115 51 40
Max 12.8 7.6 10.8 120 51 40
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Diazinon   Test 686-35
mg/L DAY TEMP pH DO COND HARD ALK

40 0 12.2 7.3 10.6 115 51 30
4.0 0 12.1 7.3 10.6
0.4 0 12.2 7.3 10.5
0.04 0 12.1 7.3 10.7

0 0 12.1 7.3 10.6 115 51 30
40 1 11.8 7.1 10.6
4.0 1 11.8 7.1 10.5
0.4 1 11.7 7.1 10.5
0.04 1 11.8 7.1 10.4

0 1 11.8 7.1 10.5
40 2 11.9 7.3 10.4 120 51 30
4.0 2 12.0 7.3 10.3
0.4 2 11.9 7.2 10.5
0.04 2 11.7 7.2 10.6

0 2 11.8 7.2 10.6 125 51 30
40 3 11.8 7.3 10.6
4.0 3 11.7 7.3 10.4
0.4 3 11.8 7.3 10.3
0.04 3 11.8 7.3 10.3

0 3 11.9 7.3 10.2
40 4 11.9 7.3 10.5 120 51 30
4.0 4 11.8 7.3 10.6
0.4 4 11.8 7.3 10.5
0.04 4 11.9 7.3 10.3

0 4 12 7.3 10.4 120 51 40
Mean 11.9 7.2 10.5 --- --- ---
SD 0.1 0.1 0.1 --- --- ---
n 25 25 25 6 6 6
Min 11.7 7.1 10.2 115 51 30
Max 12.2 7.3 10.7 125 51 40
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Temperature Experiment #1 Test 686-36
12C DAY TEMP pH DO COND HARD ALK
12C 0 12.6 7.3 11 120 51 30
12C 1 12.2 7.4 11.2 120
12C 2 12.1 6.9 10.2 125 51 30
12C 3 12.2 7.4 10.4 120
12C 4 12.5 6.9 10.6 130 51 30

Mean 12.3 7.2 10.7 123 51 30
SD 0.2 0.3 0.4 4 0 0
n 5 5 5 5 3 3
Min 12.1 6.9 10.2 120 51 30
Max 12.6 7.4 11.2 130 51 30

17C DAY TEMP pH DO COND HARD ALK
17C 0 16.5 7.3 9.7 125 51 30
17C 1 17.0 7.2 9 135
17C 2 16.5 6.8 9.1 140 51 30
17C 3 17.3 7.4 8.8 130
17C 4 17.0 7.0 9.0 140 51 30

Mean 16.9 7.1 9.1 134 51 30
SD 0.4 0.2 0.3 7 0 0
n 5 5 5 5 3 3
Min 16.5 6.8 8.8 125 51 30
Max 17.3 7.4 9.7 140 51 30

Temperature Experiment #2 Test 686-37
12C DAY TEMP pH DO COND HARD ALK
12C 0 11.9 7.4 10.6 115 51 30
12C 1 12.3 7.0 10.1 120
12C 2 12.6 7.1 10.2 110 51 30
12C 3 12.1 7.0 10.9 130
12C 4 12.2 7.0 10.8 125 51 40

Mean 12.2 7.1 10.5 120 51 33
SD 0.3 0.2 0.4 8 0 6
n 5 5 5 5 3 3
Min 11.9 7.0 10.1 110 51 30
Max 12.6 7.4 10.9 130 51 40

22C DAY TEMP pH DO COND HARD ALK
22C 0 21.8 7.3 8.8 140 51 30
22C 1 23.0 6.9 8.2 140
22C 2 22.6 7.3 8 140 51 40
22C 3 21.8 7.2 8.2 160
22C 4 22.2 7.2 8.3 150 51 40

Mean 22.3 7.2 8.3 146 51 37
SD 0.5 0.2 0.3 9 0 6
n 5 5 5 5 3 3
Min 21.8 6.9 8.0 140 51 30
Max 23.0 7.3 8.8 160 51 40
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Nom. Conc. Number Number 
Test ID Test No. mg/L Exposed Suviving % Surv.

Aniline 686-31 1,000 5 0 0
100 5 5 100
10 5 5 100
1 5 5 100
0 5 5 100

Copper 686-32 1 5 0 0
0.1 5 2 40
0.01 5 5 100
0.001 5 5 100

0 5 5 100
Penta 686-33 4 5 0 0

0.4 5 0 0
0.04 5 5 100
0.004 5 5 100

0 5 5 100
Lindane 686-34 8 5 0 0

0.8 5 5 100
0.08 5 5 100
0.008 5 5 100

0 5 5 100
Diazinon 686-35 40 5 0 0

4 5 5 100
0.4 5 5 100
0.04 5 5 100

0 5 5 100
17C 686-36 17C 5 5 100

17C 5 5 100
17C 5 5 100
17C 5 5 100

12C 686-36 12C 5 5 100
12C 5 5 100
12C 5 5 100
12C 5 5 100

22C 686-37 22C 5 5 100
22C 5 4 80
22C 5 5 100
22C 5 5 100

12C 686-37 12C 5 5 100
12C 5 5 100
12C 5 5 100
12C 5 5 100

Page 10 of 11



P686 Lamprey tests 31-37 Test WQ Data Northwestern Aquatic Sciences

Test ID Test No. Length (mm) Weight (g) Length (mm) Weight (g)

Aniline 686-31 72 0.49 Mean 74 0.54
67 0.38 SD 6 0.15
71 0.47 n 5 5
79 0.63 Min 67 0.38
83 0.75 Max 83 0.75

Copper 686-32 55 0.25 Mean 54 0.26
51 0.19 SD 3 0.09
50 0.19 n 5 5
56 0.24 Min 50 0.19
58 0.42 Max 58 0.42

Penta 686-33 55 0.25 Mean 57 0.28
51 0.18 SD 14 0.21
50 0.15 n 5 5
49 0.17 Min 49 0.15
82 0.66 Max 82 0.66

Lindane 686-34 59 0.27 Mean 69 0.43
58 0.27 SD 12 0.21
68 0.37 n 5 5
70 0.43 Min 58 0.27
88 0.79 Max 88 0.79

Diazinon 686-35 70 0.41 Mean 74 0.52
90 0.90 SD 9 0.22
70 0.38 n 5 5
74 0.53 Min 68 0.38
68 0.40 Max 90 0.90

17C 686-36 80 0.72 Mean 74 0.59
71 0.46 SD 7 0.15
65 0.44 n 5 5
72 0.55 Min 65 0.44
82 0.78 Max 82 0.78

12C 686-36 88 1.00 Mean 66 0.55
72 0.66 SD 15 0.28
60 0.36 n 5 5
64 0.42 Min 46 0.33
46 0.33 Max 88 1.00

22C 686-37 70 0.56 Mean 64 0.44
58 0.32 SD 7 0.11
55 0.31 n 5 5
68 0.48 Min 55 0.31
70 0.51 Max 70 0.56

12C 686-37 65 0.41 Mean 70 0.48
62 0.30 SD 7 0.14
80 0.66 n 5 5
70 0.48 Min 62 0.30
71 0.55 Max 80 0.66

Mean 67 0.45
SD 11 0.20
n 45 45
Min 46 0.15
Max 90 1.00
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1.0  INTRODUCTION 
 

 
Northwestern Aquatic Sciences (NAS) has been retained by Windward Environmental LLC to 
determine the sensitivity of lamprey (Lampetra sp.) larvae (ammocoetes) to various chemicals as 
part of the Portland Harbor RI/FS Round 3 Project.  Lamprey tests are being conducted in two 
phases:  Phase 1 explored methods for successful holding in the laboratory, generated range-
finding data for five chemicals (aniline, lindane, pentachlorophenol, copper and diazinon), and 
evaluated ammocoete sensitivity to elevated temperatures (17 and 22 °C).  Phase two, to be 
conducted during the spring/summer of 2007, will determine the toxicity of the same five 
chemicals (plus naphthalene) using definitive flow-through tests.   NAS is a State of Washington 
accredited laboratory (Lab ID number C1238, expiration: 30 September 2007) and is certified to 
perform a wide range of bioassay testing of water, effluents and sediments.  A copy of NAS’ 
accreditation certificate and Scope of Accreditation appears in Appendix 1.  There is no similar 
certification program in the State of Oregon. 
 
This report summarizes the Quality Assurance/Quality Control (QA/QC) evaluations of the 
Phase I testing conducted by NAS.  The QA steps taken to ensure high quality data and 
maximum data completeness before, during and after Phase 1 testing are described in this report.  
Major QA tasks included the following: 
 

• A pre-test review of the laboratory test protocol and Standard Operating Procedures 
(SOPs) for the lamprey testing 

• One audit of tests in progress 
• An initial evaluation of all data for completeness, correct data entries, and accurate 

transcription 
• A final QA evaluation of overall data quality and usability (this report) 

 
 
 

2.0  QUALITY ASSURANCE AUDIT RESULTS 
 
 
2.1  REVIEW OF LABORATORY PROTOCOL AND SOPs 
 
There are no published protocols for conducting toxicity tests with lampreys, other than the 
ASTM and EPA generic protocols for conducting tests with fish and other aquatic life (ASTM 
1996; EPA 2002).  For this testing program, general guidance was provided by Windward 
Environmental (2006) and a draft protocol was written by NAS (Protocol No. NAS-686-
Lamprey-rf) and reviewed by Dinnel Marine Resources prior to beginning the Phase 1 chemical 
range finding and elevated temperature testing.  DMR found this draft protocol to be well written 
and reasonably complete given the lack of previous test experiences with this species. 
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2.2  TEST-IN-PROGRESS AUDIT 
 
An informal test-in-progress “audit” was conducted by Dr. Paul Dinnel on 11 November 2006 
during which time the following four chemicals were being tested: aniline, lindane, 
pentachlorophenol and copper.  All testing procedures appeared to conform with NAS’ draft 
lamprey protocol and no deviations were noted. 
 
 
2.3  INITIAL DATA EVALUATIONS 
 
All raw data forms and electronic database files were reviewed for completeness and fidelity of 
transcription to electronic formats.  A 100% check was made of all data entered into NAS’ 
internal electronic database and checks were made of all Excel spreadsheet calculations and 
formulae.  All errors, omissions, clarifications, or changes needed were documented and 
communicated to NAS.  Only a couple of corrections to the draft data report were needed.  A 
copy of DMR’s comment letter to NAS appears in Appendix 2. 
 
 
2.4  FINAL QA EVALUATION OF OVERALL DATA QUALITY AND USABILITY  
 
Following corrections to the data report by NAS personnel, a 100% check of the corrections was 
made on 22 March 2007 to verify each correction.  All corrections made by NAS were deemed 
satisfactory.  Following this, an overall evaluation of data completeness and quality was 
accomplished.  DMR’s conclusions regarding data completeness and quality follow below. 
 
 
2.4.1  Chain of Custody and Sample Holding 
 
All chain of custody protocols were properly observed in transfers of test animals (from 
Windward Environmental) and toxicant samples for chemical analyses (to Columbia Analytical 
Services).  Only one piece of information was missing on the chain of custody forms: the cooler 
temperature on receipt of lampreys on 18 October 2006. 
 
 
2.4.2  Ammocoete Holding and Feeding 
 
Lamprey ammocoetes were successfully held in a sand substrate in laboratory tanks supplied 
with flowing seawater.  NAS followed the methods outlined in their draft protocol for holding 
and acclimation of the ammocoetes except that the feeding regime was modified based on 
information supplied by Mr. William Swink, a lamprey expert with the USGS. 
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2.4.3 Toxicity Tests 
 
Range-finding toxicity tests of the chemicals identified above were tested in a static beaker test 
system using one replicate of each test concentration and 5 test animals per beaker.  The tests 
appeared to meet all provisions outlined in NAS’ draft protocol except for one minor water 
quality deviation: The dilution water hardness registered 51 mg/liter as CaCO3 in all batches of 
test water.  This was very slightly above the water hardness limit of 50 mg/liter specified in the 
draft Field Sampling Plan (Windward 2006).  This slight deviation should not have significantly 
affected the results of the toxicity tests.  Loading rates ranged from 0.46 to 0.96 g of fish per liter 
of test water.  These loading rates were all below the draft protocol specified 1.1 g/liter limit 
(based on EPA recommendations).  Control survival in all tests was 100%.  All toxicity tests 
were effective in achieving total mortality in the highest test concentrations and no mortality in 
the lowest test concentrations, thereby identifying appropriate test concentrations to be used in 
Phase 2 definitive testing of these same chemicals.  The results of the toxicity tests will need to 
be paired with the chemical analyses conducted by Columbia Analytical Services to derive the 
actual chemical effects levels.  
 
One chemical (naphthalene) was eliminated from the list of chemicals to be tested during Phase 
1 when NAS had difficulty maintaining the concentration of this volatile chemical in the test 
beakers.  All naphthalene testing will be conducted during Phase 2 using a flow through test 
system.  In addition, two temperature stress tests, one at 17 and the other at 22 °C, were added to 
the test schedule for Phase 1 (see below). 
 
 
2.4.4 Temperature Tests 

 
Two temperature tests assessed possible stress to lamprey ammocetes, the first at 17 °C and the 
second at 22 °C.  Each temperature was paired with a temperature of 12 °C, which acted as the 
control.  Ammocetes were acclimated to their respective test temperatures at the rate of about 0.5 
to 1 °C per day prior to testing.  Ammocetes were tested in a static beaker test system using one 
replicate for each temperature and 5 test animals per beaker.  The tests appeared to meet all 
provisions outlined in NAS’ draft protocol except for one minor water quality deviation: The 
dilution water hardness registered 51 mg/liter as CaCO3 in all batches of test water.  This was 
very slightly above the water hardness limit of 50 mg/liter specified in the draft Field Sampling 
Plan (Windward 2006).  This slight deviation should not have significantly affected the results of 
the temperature tests.  Loading rates ranged from 0.79 to 1.05 g of fish per liter of test water.  
These loading rates were all below the draft protocol specified 1.1 g/liter limit (based on EPA 
recommendations).  Control survival (12 °C) in all tests was 100% and survival in the elevated 
temperature treatments was 100% (17 °C) and 95% (22 °C).   
 
 
 
 
 
2.4.5 Conclusions 
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NAS appears to have successfully completed Phase 1 testing.  This phase of testing has validated 
methods for pre-test holding, acclimation and feeding of ammocetes and identified appropriate 
concentrations for definitive tests of the five chemicals to be tested in Phase 2.  The two 
temperature tests were also successfully completed and showed that ammocetes are probably not 
unduly stressed at 17 °C.  However, slight mortality (5%) at 22 °C indicates the possibility that 
ammocetes might be nearing their upper limit for temperature stress, although the mortality of 
just 1 of the 20 fish tested at this temperature could have easily been due to another factor.  
Should it be anticipated that future toxicity tests might be run in 22 °C test water, consideration 
should be given to refining the upper temperature stress limit by running an additional test with 
temperatures in the range of 20 to 30°C. 
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Northwestern Aquatic Sciences’ State of Washington  
Accreditation Certificate and Scope of Accreditation 
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Appendix 2 
 

Comments by Dinnel Marine Resources to  
Northwestern Aquatic Sciences Following DMR’s  

QA Review of the Draft Toxicity Test Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DMR 
Dinnel Marine Resources 
1519  13th St. 
Anacortes, WA  98221 
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360-299-8468 
 
16 March 2007 
 
Ms. Michele Redmond 
Northwestern Aquatic Sciences 
PO Box 1437 
Newport, OR  97365 
 
Dear Michele: 
 
I have completed my audit of your draft Phase 1 Portland Harbor Lamprey Ammocoete 
testing program.  As usual, your draft data report is in excellent shape, with just a few 
minor items needing further attention.   
 

1. Appendix II, page 3 of 73:  The last temperature entry (for 12-8-06) appears to be 
12.2 on my photocopy, but is recorded as 11.2 in the Excel database (page 49 of 
73).  Please review. 

 
2. Test Data Analysis Records appendix, page 57 of 73:  The two samples at the 

bottom of the page (22C and 12C) show 5 replicates, whereas only 4 replicates 
were tested (?). 

 
3. Should you desire “true perfection” in your final report, I noted that on the 5th line 

under “Test Organisms” (page 2 of 7 of the main report), the word “measure” 
should be “measured”.  Nit picking it is! 

 
 
Should you have any questions, please call me at 360-299-8468 or contact me via e-mail 
at   Thank you and your staff for your excellent work. 
 
 
Sincerely, 
 

 
Paul Dinnel, Project QA Monitor 

(b) (6)
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APPENDIX D.  WATER CHEMISTRY VALIDATION REPORT 



 





DATA QUALITY EVALUATION 

BASIS OF DATA EVALUATION 

The data were validated using guidance and quality control (QC) criteria documented in the 
analytical methods; Guidance on Environmental Data Verification and Validation (EPA 2002c); 
Portland Harbor RI/FS, Round 2, Quality Assurance Project Plan (QAPP) (Integral 2004);  
Addendum 7:  Round 3 Chemical Analysis of Lamprey Ammocoete Toxicity Test Water (Integral 2006), 
and National Functional Guidelines for Organic and/or Inorganic Data Review (USEPA 1994, 1999 
& 2002).   

Data qualifier definitions, reason codes, and validation criteria are included as Appendix A.  Data 
validation reports, which discuss individual findings for each quality control element [by sample delivery 
group (SDG)], are provided in Appendix B.  Data validation worksheets and communication records are 
organized by SDG and will be kept on file at EcoChem. 

PROCESS FOR DATA VALIDATION 

All electronic data deliverable files (EDD) were verified by comparing 100% of the field sample 
results and 10% of the QC sample results to the hardcopy data package. 

Sixty percent (60%) of the data received a Level III validation, which included evaluation (as 
appropriate for each method) of: 

• Package completeness 
• Sample chain-of-custody and sample preservation 
• Analytical holding times 
• Blank contamination 
• Precision (replicate analyses) 
• Accuracy (compound recovery) 
• Chromatogram review (pesticide, PCB, and fuel fractions) 
• Detection limits 
• Instrument performance (initial calibration, continuing calibration, tuning, sensitivity and 

degradation) 

All other data packages received full (Level IV) data validation, which includes evaluation of 
compound identification and quantitation (transcription and calculation checks). 

A dual-tier system of primary and secondary reviewers is utilized to ensure technical correctness and 
QC of the validation process; and all data validation is documented using standardized and 
controlled validation worksheets and spreadsheets.  These worksheets are completed for each SDG, 
documenting all deficiencies, outliers and subsequent qualifiers. 

After qualifiers are entered into the EcoChem database, a second party verifies 100% of the qualifier 
entry.  Interpretive qualifiers are then applied to the field samples and qualified data is exported to 
the project database (Integral). 

jc  3/5/2007 9:23:00 AM DQE - i EcoChem, Inc.  
L:\221-Integral\C22110\C22110005\C22110005_DQE Rev.doc 



SUMMARY OF DATA VALIDATION: 

Twenty (20) water samples were analyzed for aniline, pentachlorophenol, gamma-BHC (Lindane), 
diazinon, and copper.  The water samples represented different concentrations of these analytes at 
different time periods after dosing, as part of the lamprey ammocoete toxicity test study.  Columbia 
Analytical Services (CAS) completed the analyses. 

The data for the samples were acceptable.  None of the data were qualified for any reason. 

The laboratory data were evaluated in terms of completeness, holding times, instrument performance, 
bias, and precision.  The results of the QC procedures used during sample analyses are discussed 
below. 

Completeness of Data Set 
Completeness is defined as the total number of usable results (results that were not rejected during 
data validation) divided by the total results reported by the laboratory.  The results reported by the 
laboratory were 100% complete. 

Holding Times and Sample Preservation 
All samples were extracted and analyzed within the method specified holding times. 

Instrument Performance 
Calibrations 

Initial and continuing calibrations were completed at the proper frequency.  All initial and continuing 
calibrations met all acceptance criteria. 

Endrin/DDT Breakdown 

Breakdown evaluation mixtures were analyzed at the proper frequency to measure percent 
breakdown.  All percent breakdown values met the acceptance criteria. 

Method Blank Analyses 
To assess the impact of each blank contaminant on the reported sample results, an action level is 
established at five times (5x) the concentration detected in the blank.  If a contaminant is detected in 
an associated field sample and the concentration is less than the action level, the result is qualified as 
not detected (U).  If the result is also less than the reporting limit, then the result is elevated to the 
reporting limit.  No action is taken if the sample result is greater than the action level, or for non-
detected results. 

Gamma-BHC (Lindane) was detected in several method blanks.  The concentrations in the 
associated samples were greater than the action level.  No action was necessary.  All other method 
blanks were free of contamination. 
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Accuracy 
Surrogate Compound Recoveries 

The surrogates were either not recovered or the recovery value was outside the control limits in several 
of the gamma-BCH (Lindane) and diazinon analyses due to the required dilution factors.  No action 
was taken.  All other surrogate recovery values were acceptable. 

Matrix Spike Recoveries 

Matrix and duplicate matrix spike (MS/MSD) analyses were not performed.  Accuracy was assessed 
using the surrogate compound and laboratory control sample (LCS) analyses. 

Laboratory Control Sample Recoveries 

The gamma-BHC (Lindane) recovery was greater than the upper control limit in one LCS analysis.  
Since the recoveries were acceptable in the associated LCS duplicate (LCSD) analysis and in all 
other LCS/LSCD sets, no action was taken.  The recovery values for all other analytes were 
acceptable in all other LCS/LCSD sets. 

Precision 
LCS/LCSD analyses were evaluated for laboratory precision.  All relative percent difference (RPD) 
values were acceptable. 

Method Detection Limits and Method Reporting Limits 
With the exception of the copper analyses, most of the samples were analyzed at dilution factors 
ranging from 5x to 50,000x.  Detection/reporting limits were adjusted accordingly. 

Field Quality Control Samples 
No field QC samples were collected for this study. 
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DATA VALIDATION REPORT 
Portland Harbor RI/FS 

Lamprey Toxicity Study 
Aniline by EPA Method 8270C 

Columbia Analytical Services - Kelso 

This report documents the review of analytical data from the analyses of water samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Columbia 
Analytical Services, Inc., Kelso, Washington. 

SDG No. Samples Validation Level 
K0610008 5 Water Full 
K0610013 10 Water Summary 
K0610065 5 Water Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt 1 Matrix Spikes/Matrix Spike Duplicates 
 Initial Calibration (ICAL)  Laboratory Control Samples (LCS/LCSD) 
 Continuing Calibration (CCAL) 1 Reporting Limits (MDL and MRL) 
 Laboratory Blanks  Compound Identification 
 Surrogate Compounds 1 Calculation Verification (full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 
Some coolers were received at temperatures below the recommended range of 4°C ±2°.  These 
temperature outliers did not impact data quality and no qualifiers were required. 
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Matrix Spike/Matrix Spike Duplicates 
No matrix spike/matrix spike duplicate analyses were performed with these SDG due to limited 
sample volumes.  Accuracy and precision were assessed from the laboratory control 
sample/laboratory control sample duplicate (LCS/LCSD). 

Reporting Limits (Method Detection Limit and Method Reporting Limit) 
The reporting limits were elevated in the following samples due to dilutions: 

SDG Sample ID Dilution Factor 
K00610008 NAS# 0790G Day 0 – 1000 mg/L Aniline 10,000x 
 NAS# 0791G Day 0 – 100 mg/L Aniline 1,000x 
 NAS# 0792G Day 0 – 10 mg/L Aniline 50x 
 NAS #0793G Day 0 – 1.0 mg/L Aniline 5x 
K00610013 NAS# 0805G 48-hr – 1000 mg/L Aniline Old 10,000x 
 NAS# 0829G 48-hr – 100 mg/L Aniline Old 1,000x 
 NAS# 0829G 48-hr – 10 mg/L Aniline Old 100x 
 NAS# 0829G 48-hr – 1.0 mg/L Aniline Old 10x 
 NAS# 0830G 48-hr – 1000 mg/L Aniline Old 10,000x 
 NAS# 0830G 48-hr – 100 mg/L Aniline New 1,000x 
 NAS# 0832G 48-hr – 10 mg/L Aniline New 50x 
 NAS #0833G 48-hr – 1.0 mg/L Aniline New 10x 
K0610065 NAS# 0850G 96 hr-1000 mg/L Aniline 10,000x 
 NAS# 0851G 96 hr-100 mg/L Aniline 1,000x 
 NAS# 0852G 96 hr-10 mg/L Aniline 100x 
 NAS# 0853G 96 hr-1 mg/L Aniline 10x 

Calculation Verification 
SDG K0610008:  Calculation verifications were performed on this SDG.  No errors were found. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory performed an appropriate analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate and LCS/LCSD percent recovery values.  
Precision was acceptable as demonstrated by the relative percent difference values for the 
LCS/LCSD analyses. 

No data were qualified for any reason. 

All data, as reported, are acceptable for use.
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DATA VALIDATION REPORT 
Portland Harbor RI/FS 

Lamprey Toxicity Study 
Pentachlorophenol - EPA Method 8151 
Columbia Analytical Services - Kelso 

This report documents the review of analytical data from the analyses of water samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Columbia 
Analytical Services, Inc., Kelso, Washington. 

SDG No. Samples Validation Level 
K0610008 5 Water Full 
K0610013 10 Water Summary 
K0610065 5 Water Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt 1 Matrix Spikes/Matrix Spike Duplicates 
 Initial Calibration (ICAL)  Laboratory Control Samples (LCS/LCSD) 
 Continuing Calibration (CCAL) 1 Reporting Limits (MDL and MRL) 
 Laboratory Blanks  Compound Identification 
 Surrogate Compounds 1 Calculation Verification (full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 
Some coolers were received at temperatures below the recommended range of 4°C ±2°.  These 
temperature outliers did not impact data quality and no qualifiers were required. 
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Matrix Spike/Matrix Spike Duplicates 
No matrix spike/matrix spike duplicate analyses were performed due to limited sample volumes.  
Accuracy and precision were assessed from the laboratory control sample/laboratory control sample 
duplicate (LCS/LCSD). 

Reporting Limits (Method Detection Limit and Method Reporting Limit) 
The reporting limits were elevated in the following samples due to dilutions: 

SDG Sample ID Dilution Factor 
K00610008 NAS# 0780G Day 0 – 4.0 mg/L Penta 50x 
 NAS #0781G Day 0 – 0.4 mg/L Penta 20x 
K00610013 NAS# 0805G 48-hr – 4.0 mg/L Penta Old 50x 
 NAS# 0806G 48-hr – 0.4 mg/L Penta Old 20x 
 NAS# 0810G 48-hr – 4.0 mg/L Penta New 50x 
 NAS #0811G 48-hr – 0.4 mg/L Penta New 20x 
K0610065 NAS# 0840G 96 hr-4.0mg/L Penta 40x 
 NAS# 0841G 96 hr-0.4mg/L Penta 5x 

Calculation Verification 
SDG K0610008:  Calculation verifications were performed on this SDG.  No calculation errors were 
found. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory performed an appropriate analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate and LCS/LCSD percent recovery values.  
Precision was acceptable as demonstrated by the relative percent difference values for the 
LCS/LCSD analyses. 

No data were qualified for any reason. 

All data, as reported, are acceptable for use. 
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DATA VALIDATION REPORT 
Portland Harbor RI/FS 

Lamprey Toxicity Study 
gamma-BHC (Lindane) - EPA Method 8081A 

Columbia Analytical Services - Kelso 

This report documents the review of analytical data from the analyses of water samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Columbia 
Analytical Services, Inc., Kelso, Washington. 

SDG No. Samples Validation Level 
K0610008 5 Water Full 
K0610013 10 Water Summary 
K0610065 5 Water Summary 

I. DATA PACKAGE COMPLETENESS 
The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 
A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt 1 Matrix Spikes/Matrix Spike Duplicates 
 Instrument Breakdown Check 1 Laboratory Control Samples (LCS) 
 Initial Calibration (ICAL) 1 Reporting Limits (MDL and MRL) 
 Continuing Calibration (CCAL)  Compound Identification 

1 Laboratory Blanks 1 Calculation Verification (full validation only) 
1 Surrogate Compounds   
___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 
Some coolers were received at temperatures below the recommended range of 4°C ±2°.  These 
temperature outliers did not impact data quality and no qualifiers were required. 
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Laboratory Blanks 
Method blanks are used to evaluate all associated samples, including field blanks.  Any remaining 
positive results in the field blanks are used to evaluate all associated samples. 

To assess the impact of each blank contaminant on the reported sample results, an action level is 
established at five times the concentration detected in the blank.  If a contaminant is detected in an 
associated field sample and the concentration is less than the action level, the result is qualified as 
not detected (U-7).  If the result is also less than the reporting limit, then the result is elevated to the 
reporting limit.  No action is taken if the sample result is greater than the action level, or for non-
detected results. 

SDGs K0610008 & K0610013:  A positive value for gamma-BHC (lindane) was reported in the 
method blank.  All sample results were greater than the action level and no qualifiers were required. 

SDG K0610065:  A positive value for gamma-BHC  was reported in the method blank.  All sample 
results were greater than the action level and no qualifiers were required. 

Surrogate Compounds 
SDG K0610008:  Surrogates were not recovered or recovered outside the control limits in Samples 
NAS# 0785G Day0 – 8.0 mg/L Lindane (20,000x) and NAS# 0786G Day 0 – 0.8 mg/L Lindane 
(2,500x) due to sample dilution.  No qualifiers were assigned. 

SDG K0610013:  Surrogates were not recovered in some samples due to sample dilution: 

NAS# 0815G 48-hr – 8.0 mg/L Lindane Old (5,000x) 
NAS# 0816G 48-hr – 0.8 mg/L Lindane Old (500x) 
NAS# 0820G 48-hr – 8.0 mg/L Lindane New (50,000x) 
NAS# 0821G 48-hr – 0.8 mg/L Lindane New (5,000x) 
NAS #0822G 48-hr – 0.08 mg/L Lindane New (250x) 

No qualifiers were assigned. 

SDG K0610065:  Surrogates were not recovered or recovered outside the control limits due to 
sample dilutions in Samples NAS# 0845G 96hr – 8.0 mg/L Lindane (50,000x) and NAS# 0846G 
96hr – 0.8 mg/L Lindane (5,000x).  No qualifiers were assigned. 

Matrix Spike/Matrix Spike Duplicates 
No matrix spike/matrix spike duplicate (MS/MSD) analyses were performed with these SDG due to 
limited sample volumes.  Accuracy and precision were assessed from the  laboratory control 
sample/laboratory control sample duplicate (LCS/LCSD). 

Laboratory Control Samples  
SDG K0610065:  The percent recovery (%R) value for gamma-BHC (lindane) in the LCS was 
greater than the upper control limit of 130%, at 155%.  The %R value in the LCSD was acceptable 
and no qualifiers were assigned. 
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Reporting Limits (Method Detection Limit and Method Reporting Limit) 
The reporting limits were elevated in the following samples due to dilutions: 

SDG Sample ID Dilution Factor 
K00610008 NAS# 0785G Day 0 – 8.0 mg/L Lindane 20,000x 
 NAS# 0786G Day 0 – 0.8 mg/L Lindane 2,500x 
 NAS# 0787G Day 0 – 0.08 mg/L Lindane 250x 
 NAS# 0788G Day 0– 0.008 mg/L Lindane 50x 
 NAS #0789G Day 0 – 0 mg/L Lindane 20x 
K00610013 NAS# 0815G 48-hr – 8.0 mg/L Lindane Old 5,000x 
 NAS# 0816G 48-hr – 0.8 mg/L Lindane Old 500x 
 NAS# 0817G 48-hr – 0.08 mg/L Lindane Old 250x 
 NAS# 0818G 48-hr – 0.008 mg/L Lindane Old 50x 
 NAS# 0819G 48-hr – 0 mg/L Lindane Old 10x 
 NAS# 0820G 48-hr – 8.0 mg/L Lindane New 50,000x 
 NAS# 0821G 48-hr – 0.8 mg/L Lindane New 5,000x 
 NAS #0822G 48-hr – 0.08 mg/L Lindane New 250x 
 NAS #0823G 48-hr – 0.008 mg/L Lindane New 50x 
K0610065 NAS# 0845G 96hr 0 – 8.0 mg/L Lindane 50,000x 
 NAS# 96hr – 0.8 mg/L Lindane 5,000x 
 NAS# 0847G 96hr – 0.08 mg/L Lindane 100x 
 NAS# 0848G 96hr– 0.008 mg/L Lindane 100x 
 NAS #0849G 96hr – 0 mg/L Lindane 100x 

Calculation Verification 
SDG K0610008:  Calculation verifications were performed on this SDG.  No calculation errors were 
found. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory performed an appropriate analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate and LCS/LCSD %R values, with the 
exceptions noted above.  Precision was acceptable as demonstrated by the relative percent difference 
values for the LCS/LCSD analyses. 

No data were qualified for any reason. 

All data, as reported, are acceptable for use. 
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DATA VALIDATION REPORT 
Portland Harbor RI/FS 

Lamprey Toxicity Study 
Diazinon - EPA Method 8141A 

Columbia Analytical Services - Kelso 

This report documents the review of analytical data from the analyses of water samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Columbia 
Analytical Services, Inc., Kelso, Washington. 

SDG No. Samples Validation Level 
K0610210 5 Water Summary 
K0610229 10 Water Summary 
K0610283 5 Water Full 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt 1 Matrix Spikes/Matrix Spike Duplicates 
 Instrument Breakdown Check  Laboratory Control Samples (LCS) 
 Initial Calibration (ICAL) 1 Reporting Limits (MDL and MRL) 
 Continuing Calibration (CCAL)  Compound Identification 
 Laboratory Blanks 1 Calculation Verification (full validation only) 

1 Surrogate Compounds   
___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 
SDG K0610210:  The validation guidance documents state that the cooler temperatures should be 
within an advisory temperature range of 2° to 6°C.  The laboratory received the sample cooler at 
9.4°C.  This outlier was determined to have no impact on data quality and no qualifiers were 
assigned. 
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Surrogate Compounds 
SDG K0610210:  Surrogates were not recovered in Samples NAS# 0855G Day 0 – 40 mg/L 
Diazinon (5,000x) and NAS# 0856G Day 0 – 4.0 mg/L Diazinon (500x) due to sample dilution.  No 
qualifiers were assigned. 

SDG K0610229:  Surrogates were not recovered in Samples NAS# 0860G 48-hr – 40 mg/L 
Diazinon Old (5,000x), NAS# 0861G 48-hr – 4.0 mg/L Diazinon Old (500x), NAS# 0865G 48-hr – 
40 mg/L Diazinon New (10,000x), and NAS #0866G 48-hr – 4.0 mg/L Diazinon New (1,000x) due 
to sample dilution.  No qualifiers were assigned. 

SDG K0610283:  Surrogates were not recovered in Samples NAS# 0870G 96-hr-40 mg/L Diazinon 
(5,000x) and NAS# 0871G 96-hr-4.0 mg/L Diazinon (500x) due to sample dilution.  No qualifiers 
were assigned. 

Matrix Spike/Matrix Spike Duplicates 
SDG K0610210, K0610229, & K0610283:  No matrix spike/matrix spike duplicate (MS/MSD) 
analyses were performed with these SDG due to limited sample volumes.  Accuracy and precision 
were assessed from the  laboratory control sample/laboratory control sample duplicate (LCS/LCSD). 

Reporting Limits (Method Detection Limit and Method Reporting Limit) 
The reporting limits were elevated in the following samples due to dilutions: 

SDG Sample ID Dilution Factor 
K00610210 NAS# 0855G Day 0 – 40 mg/L Diazinon 5,000x 
 NAS# 0856G Day 0 – 4.0 mg/L Diazinon 500x 
 NAS# 0857G Day 0 – 0.4 mg/L Diazinon 50x 
 NAS# 0858G Day 0 – 0.04 mg/L Diazinon 10x 
K00610229 NAS# 0860G 48-hr – 40 mg/L Diazinon Old 5,000x 
 NAS# 0861G 48-hr – 4.0 mg/L Diazinon Old 500x 
 NAS# 0862G 48-hr – 0.4 mg/L Diazinon Old 50x 
 NAS# 0863G 48-hr – 0.04 mg/L Diazinon Old 10x 
 NAS# 0865G 48-hr – 40 mg/L Diazinon New 10,000x 
 NAS# 0866G 48-hr – 4.0 mg/L Diazinon New 1,000x 
 NAS# 0867G 48-hr – 0.4 mg/L Diazinon New 100x 
 NAS# 0868G 48-hr – 0.04 mg/L Diazinon New 10x 
K0610065 NAS# 0870G 96-hr – 40 mg/L Diazinon 5,000x 
 NAS# 0871G 96-hr – 4.0 mg/L Diazinon 500x 
 NAS# 0872G 96-hr – 0.4 mg/L Diazinon 50x 
 NAS# 0873G 96-hr – 0.04 mg/L Diazinon 10x 

Calculation Verification 
SDG K0610283:  Calculation verifications were performed on this SDG.  No errors were found. 
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IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory performed an appropriate analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate and LCS/LCSD percent recovery values, 
with the exceptions noted above.  Precision was acceptable as demonstrated by the relative percent 
difference values for the LCS/LCSD. 

No data were qualified for any reason. 

All data, as reported, are acceptable for use. 
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DATA VALIDATION REPORT 
Portland Harbor RI/FS 

Lamprey Toxicity Study 
Copper - EPA Method 200.8 

Columbia Analytical Services - Kelso 

This report documents the review of analytical data from the analyses of water samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Columbia 
Analytical Services, Inc., Kelso, Washington. 

SDG No. Samples Validation Level 
K0610008 5 Water Full 
K0610013 10 Water Summary 
K0610065 5 Water Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

I. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times  and Sample Preservation  Matrix Spike Samples 
 Initial Calibration   Laboratory Duplicates 
 Calibration Verification   ICPMS Internal Standards 
 CRDL Standards  Reporting Limits (MDL and MRL) 
 Laboratory Blanks 1 Calculation Verification (Full validation only) 
 Laboratory Control Samples   

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 
Some coolers were received at temperatures below the recommended range of 4°C ±2°.  These 
temperature outliers did not impact data quality and no qualifiers were assigned. 
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Calculation Verification 
SDG K0610008:  Several results were verified by recalculation from the raw data.  No calculation or 
transcription errors were found. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory performed an appropriate analytical method.  
Accuracy was acceptable, as demonstrated by the LCS/LCSD and MS percent recovery values.  
Precision was acceptable as demonstrated by the relative percent difference values for the 
LCS/LCSD and laboratory duplicate analyses. 

No data were qualified for any reason. 

All data, as reported, are acceptable for use. 
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Photo 1: Siletz River 1 

 
Photo 2: Siletz River 2 
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Photo 3: Electrofishing 

 
Photo 4: Ammocoete caught in net 
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Photo 5: Ammocoetes in catch bucket 
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Photo 6: Ammocoetes transferred to cooler 1 
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Photo 7: Ammocoetes transferred to cooler 2 
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Photo 8: Packing coolers 
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Photo 9: Transport of coolers 
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Photo 10: Temperature room with 14 tanks 

 
Photo 11: Ten-gallon tank setup 
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Photo 12: Head tank 

 
Photo 13: Holding tank 
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Photo 14: Chiller system 
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